A 900MHz HBT Power Amplifier MMICs with 55% Efficiency, at 3.3 V Operation
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ABSTRACT DESIGN
A 3.3 volt GSM class V power amplifier Our MMIC is composed of AlGaAs/GaAs
MMIC has been developed by using AiGaAs/GaAd1BTs, spiral inductors, MIM  capacitors, and
HBTs and fip chip bonding technology. The resistances using the base layer. The HBT unit size is
amplifier has an output power of 32dBm and £#m<20m and it has n-AGa.As integrated
power added efficiency of 55%. The HBT amp"ﬁeremitter ballast resistance to prevent from the current
inherently requires no negative bias and has very IOWUSh (6). The spiral inductor has the metal thickness

leak current, 2nA. The MMIC is assembled to Smaﬁr)r:oc?erlg dt(i)t breggﬁ; dEricrzw r:l:'st:;f]ggt’ ain: ft;/:f:ti:r?\(/)?
and low profile package (6.45351.05mm). y d

total length (7). With regard to the assembly

'NTRODUCTlON__ _ technology, we use FCB (Flip Chip Bonding)

There are lots of actvities to realize I0W yohnojogy to reduce both thermal resistance and
operation voltage and high efficiency powergounding inductance, and the substrate does not
amplifiers for small and light mobile communication hayve VIA hall.
terminal application, by using various kinds of The circuit schematic is shown in figurel. We
technologies, such as Si devices or GaAs devicagse 48 unit HBT for power stage, 12 unit cascode
hybrids or MMICs (1-4). Now it seems that GaAsconnected HBT for a driver stage to minimize the
MMICs are widely accepted in the market comparedutput power during the off-burst, which is defined
to Si device and/or hybrid module from the size an@s the term, “isolation”. By using this method, the
performance points of view.  Furthermore, systen$olation has been improved 6dB compared to
engineers do not want to use negative-bias voltagg@mmon source two stage amplfier.  Feed-back
Therefore, GaAs MESFET MMICs with negative amplifi(_ar is employed in the_driver stag_e for stable
bias generator or GaAs MMICs using E-mode FETgperatlon. 3dB _attenuator Is inserted at input port for

. wide band, low input VSWR.

become popular (3,4). However, they basically We use DC ampifier in the power stage
require a MOSFET switch between battery an%eca

inal of MMIC & the leak use the control current must be lnaugh from
power supply terminal o to cut off the lea system requirement (8). However, that configuration

current during waiting time.  We have beefgqires 26V to turn on the HBT, and the control
developing mobile communication MMICs by usingq,rve would be very steep because the maximum
AlGaAs/GaAs HBT technologies control voltage is not high enough in 3V system. To
which can realize positive bias operation and doegalize low control current and gentle slope
not require the switch because of its negligiblesimultaneously, the control voltage supplies both
leakage current (5,6). In this paper, wiediscuss directly to the base of the output HBT and one of the
our newly developed power amplifier MMIC that is DC driver amplifier in this design. The output
designed primary for GSM class V applications. matching circuit can not be include on the chip
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Fig. 1  Circuit schematic of the power amplifier.

because the line loss results large voltage.drhe
MMIC is assembled to AD; package by using FCB
technology (6). The collector of the output HBT is
connected to the pad on the@j substrate and the RF CHARACTERISTICS
pattern on the substrate separates toward two output
pins of the package, as shown in figure 1. One pinis  Figures 3 to 6 show the electrical performance
for fundamental wave matching and the other is foof the MMIC in which the output circuit is designed
the 2nd harmonics treatment. By separating theser the GSM classV power amplifier.  Figure 3
terminals just after collector of the HBT, 2ndshows the power control characteristics at
harmonics and fundamental wave can contradp2.5MHz. The single positive voltage supply, Vec,
separately. High efficiency is obtained by tunings 3.3 \/ and the input power, Pin, is 0dBm. The
reflection co-efficient of the & harmonics (9). output power ramps up from the control voltage,
The output matching circuit is realized ON/apc, of 1.3 V, and increases smoothly and
printed circuit board. Parameters of the OUtp“Fnonotonously as the control voltage increases.
matching circuit were determined by the resultssyqsm output power and 55% efficiency is obtained
obtained from load-pull measurements and harmonig Vapc=3V. Figure 4 to 6 show frequency
balance simulations in order to design for highuharacteristics of the MMIC. Vec is 3.3 V, Pin is
efficiency. The reflection co-efficient of the 2 nd 0dBm, and Vapc is 3 V. Over 32dBm output power
harmonics is determined by capacitance value, C2fgq 5504, efficiency are realized in the GSM band,
which has been tuned experimentally. Output powepeiveen 890MHz and 915MHz. In addition, theel2
efficiency versus capacitance value is shown inq 3nd harmonic distortion are less than  —40dBc

figure2. The maximum performance is obtained afnq the control current is less than 2.4mA along with
the C2fo value of 1pF. input VSWR of 1.7:1.
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Fig. 3 Control voltage dependency of the power amplifier. Fig.6 Frequency characteristics of

control current and input VSWR.
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330
g *° Figure 7 shows Vcc dependency of the output
‘% 320 ; power and efficiency at Pin=0dBm and Vapc=3.4V
s H which is typical value for 4.8V system. At
;: . , , , , , {® Vce=4.7V, output power of 35dBm and efficiency of
310 R 50% is obtained. This means the MMIC shows good
we by performance also for GSM class IV application under
870 880 89°Freqeﬁg;’(MHZ;’1° 920 930 Vce=4.7V. Furthermore, even at 3V, this power
. - amplifier can output more than 31.5dBm. The
Fig.4 Frequency characteristics of .
output power and efficiency. leakage current is less than 2 nA at Vcc=3.3 Vand 8
nA even at Vcc=6V. It is negligible and does not
g VSN Vapea0v P require the switch on the power supply line, which

adds some cost and area. Furthermore, this MMIC
can use various applications in UHF band such as
DAMPS or analogue cellular, by changing only
output circuit and Vapc voltage due to wide-band
input matching.

The package size is only 66351.05mm.
This low profile characteristic is attractive to realize a
thin terminal such as PCMCIA card.
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Fig.5 Frequency characteristics of
2 nd and 3 rd harmonics.
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Fig. 7 Bias voltage dependency of the power amplifier.

CONCLUSION

The developed MMIC has very attractive
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